Background: Patient care may be inconsistent during off hours. We sought to determine whether victims of major trauma admitted to hospital on evenings, nights, and weekends suffer increased mortality rates. All victims of major trauma admitted to all four major acute care hospitals in the Calgary Health Region between
Background
Several studies conducted in a number of different medical, surgical, and critically ill populations have indicated that patients admitted to hospitals on weekends and evenings may suffer a higher mortality rate [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Many processes of care have been proposed to explain these observations including lower levels of staffing and restricted availability of tests and procedures during these times. In addition, physicans performance may be impaired due to shift work and fatigue during excessive work shifts or work during off-peak vigilant times [15] [16] [17] . It is also important to note that patients admitted during "after hours" may be intrinsically at higher risk for death by virtue of a different case-mix or increased severity of illness as compared to patients admitted during usual or "business" hours.
Few studies have investigated whether the presentation time for victims of trauma influences their outcome. Carmody and colleagues reviewed 8,015 major trauma admissions during 1994-1996 and found that the crude mortality rates were significantly higher among admissions that occurred at night (13.1%) as compared to during the day (10.1%), but that this was not significant after stratification by severity of illness [18] . Busse et al studied 1,044 trauma patients admitted to a university-affiliated level 1 trauma center and underwent surgery from 1995 until 2001 [19] . They found that the time of presentation (nighttime vs. daytime, weekend vs. weekday, month of year, and year) was not associated with in-hospital mortality after adjustment for severity of illness and other confounding variables. Arbabi et al analyzed 30, 686 admissions to a level 1 trauma center from 1994 to 2002 [20] . After controlling for confounding variables, no difference in mortality or length of stay was observed in association with weekend or night admission.
Although after hours admissions with many medical and surgical populations are potentially associated with adverse outcomes, this may not apply to trauma patients admitted to hospitals with highly developed trauma systems. The objective of this study was to assess whether the timing of admission influences the outcome of victims of major trauma admitted to all major acute care hospitals in a large Canadian health region.
Methods

Patient population
This study utilized an inception cohort design. The Calgary Health Region (CHR) is a fully integrated, publicly funded health system that provides virtually all medical and surgical care to the residents of the cities of Calgary and Airdrie and a large surrounding area including smaller towns and communities (population ~1.2 million). In the CHR, adult trauma services are regionalized to the Foothills Medical Centre, and pediatric trauma services (age mandate <15 years) to the Alberta Children's Hospital. These are the only accredited tertiary care trauma centers providing trauma services for Southern Alberta, Canada (~35% of the population of the Province of Alberta). In-house, 24-hours per day coverage is provided by resident trainees or licensed physician associates. Resident coverage consists of trainees working 24 hour in-house shifts followed by mandatory time off and a maximum 1 in 4 call schedule. During the study period, trauma attending surgeons provided supervision and clinical care in one week rotations starting Friday mornings. This consisted of a 140 hour week including a continuous 82 hour call responsibility on weekends. Attending trauma surgeons are not mandated to remain in-hospital but must arrive to the hospital within 20 minutes for all serious trauma presentations and maintain a hands-on management and supervision of the trauma service. This practically translates into in-hospital call during busy trauma seasons.
Study protocol
All study subjects were identified using the Alberta Trauma Registry that includes all patients admitted to hospital with major traumatic injury as defined by either an injury severity score (ISS) ≥ 12 or death due to trauma in the Emergency Department [21] . Detailed demographic (age, gender, location of residence, unique Alberta health number), external cause of injury (International Classification of Diseases-10 th Revision E-codes), ISS scores, need for intensive care unit (ICU) care, and hospital length of stay and survival status at discharge information were obtained from the Alberta Trauma Registry. Subsequent admissions to any of the CHR major acute care hospitals (Alberta Children's Hospital, Foothills Medical Centre, Peter Lougheed Centre, or Rockyview General Hospital) were obtained on all patients by a linkage with the CHR Data Warehouse using patient's unique Alberta personal health number. The institution, dates of admission and discharge, and survival status at discharge was recorded. A weekend was a priori defined by admissions during the period from 00:00 Saturday to 23:59 Sunday, days as 08:00 to 17:59, evening as 18:00 to 22:59, and night as 23:00 to 07:59. Where patients died prior to admission, the time of death was used as the presentation time. Business hours were defined by days (08:00 to 17:59) from Monday to Friday and the after hours was all other times (anytime Saturday or Sunday and daily 18:00-07:59).
Data management and statistical analysis
Analysis was performed using Stata version 9.0 (Stata Corp, College Station, TX). To avoid the assessment of multiple outcomes for a single patient, only first trauma presentations were included in this study. Non-normally distributed variables were reported as medians with interquartile ranges (IQR) and compared using the MannWhitney U test. Differences in proportions among categorical data were assessed using Fisher's exact test for pairwise comparisons and the chi 2 test for multiple group trend analysis. In all mortality analyses, only in-hospital deaths were assessed. A multivariable logistic regression model was developed to assess factors associated with inhospital mortality. Variables included in the initial model were age, gender, whether the patients was transferred from another institution, admission to trauma centre vs. non-trauma hospital, ICU admission, mechanism of injury, and the following variables as determined at the admitting hospital: ISS, systolic blood pressure<90 mm Hg, endotracheal intubation, and Glasgow Coma Score <8. Backward step-wise variable elimination was then performed to develop the final model. Discrimination was assessed using the area under the receiver operator characteristic curve and calibration using the Hosmer-Lemeshow goodness of fit test.
Results
During the four-year study period, 4,000 patients were identified with major trauma; 3,472 (87%) at the Foothills Medical Centre, 361 (9%) at the Alberta Children's Hospital, 107 (3%) at the Rockyview General Hospital, and 60 (2%) at the Peter Lougheed Centre. Seventy-three percent (2,901) of patients were male, the median age was 39.5 (IQR, 22.4-58.2) years, and the median ISS was 20 (IQR, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Thirty-five percent (1,405) of patients were admitted on a weekend, and 1,381 (35%) admissions were during 08:00-17:59, 1,197 (30%) were 18:00-22:59, and 1,422 (36%) were 23:00-07:59. More than three-quarters (3,106; 78%) of cases presented during the after hours (evenings, nights, and/or weekends).
The in-hospital case-fatality rate was 447 (11%); 117 (3%) patients died in the emergency room and 330 (8%) died during admission to one of the four major regional acute care centres. Admissions to hospital reached a nadir at 08:00-08:59 and then the number gradually increased until a peak in the late evening/night as shown in Figure  1 . The crude in-hospital case-fatality rate varied from hour to hour but no significant (p = 0.13) trend was evident (Figure 1 ). The case-fatality rates for daytime (165/1,381; 37%), evening (128/1,197; 30%), and night (154/1,422; 36%) admissions were not significantly different (p = 0.53). Although the case-fatality rate appeared to increase during the course of the week as shown in Figure 2 Although no differences were observed between patients admitted during the business hours as compared to the after hours with respect to median age, gender, median length of stay, regional residency, or median ISS scores, a number of other characteristics were different as shown in Table 1 . A multivariable logistic regression model was developed to assess factors associated with in-hospital death (n = 3,891, area under receiver operator characteristic curve 0.888, goodness of fit p = 1.0). As shown in Table   Outcome 2, neither admission on weekends nor on evenings and nights increased the risk for in-hospital mortality.
Discussion
Our study conducted in four hospitals in a large health region confirms the previous work of single hospitalbased studies that found no significant adjusted risk associated with time of admission and mortality [18] [19] [20] .
Unlike with previous reports, we did not find any increased risk associated with admission in the evening/ night in either crude or covariate adjusted analyses. In addition, we included a total of four hospitals in our study, of which two were general medical-surgical major acute care institutions. These data indicate that provision of trauma care is consistent during different times of day and days of the week in our major acute care hospitals.
The "case mix" of patients is an important determinant of outcome and variation during times of the day and days of the week and likely explains much of the after hours increased mortality effect seen in other studies to date. Similar to our observations (Table 1) , several prior studies in trauma patients have documented significant differences in case-mix during different periods of the day or days of the week [18, [22] [23] [24] [25] [26] . Controlling for diagnosis and severity of disease and case mix has reduced or eliminated the weekend effect in both prior trauma studies [18] [19] [20] and others in acutely ill non-trauma specific populations [8, 10, 12, 13] . Adjustment for case-mix is clearly an important consideration in attempts to define consistencies in processes of care after hours.
Prior studies conducted in hospitalized populations have identified reduced staffing or decreased access to tests and procedures as potential means to explain excess mortality risk associated with off hours admissions [3, 11, 27] . It has been shown that adverse anaesthetics events are more common after 16:00 with inciting causes felt to be fatigue and disrupted circadian rhythms [28] . Although our trauma surgeons universally reported concerns with fatigue with the call schedule used during this study period (it has been reduced since June 2008), no association with after-hours or weekend admission and adverse outcome was shown. It is possible that the presence of trauma surgery fellows influenced after hours outcome, but given that they cover less than one-half of the call schedule and that the attending physicians typically are present for all traumas even in their presence this was likely only a minor aspect. It should be recognized that resident trainees in our centre are limited to 24 hours of consecutive clinical service. Of interest, one study has indicated that attending physicians have less cognitive skill deterioration than trainees during visiohaptic simulations to test realistic trauma interactions during fatigued conditions [15] . A final consideration from a staffing perspective is that 1-2 experienced emergency department physicians attend all initial trauma resuscitations 24 hours per day.
Although it is not uncommon to defer testing to weekdays or daytime hours in elective cases or in those where they are felt not to likely influence a patient's course, all radiological investigations, specialist consultations, and surgical procedures are available upon request 24/7 at all four of our major acute care centres. Our CT scanners are staffed 24/7 and trauma operating rooms are readily available after hours. Our intensive care units do have lower levels of staffing on weekends and evenings, and we previously found that while admission on weekends was not associated with increased risk, admission at night was after controlling for confounding variables [29] . Trauma staffing is lower in the after hours as compared to weekday daytime hours with fewer resident physicians, nursing staff, and allied health professionals such as pharmacists, physiotherapists, and respiratory therapists. Our trauma surgeons are not mandated to remain in-house but frequently do during busy trauma seasons. Studies evaluating whether having in-house trauma surgeons improves outcome have demonstrated variable results [18, 30] .
There are a number of important strengths and limitations of our study that merit discussion. By inclusion of all patients in a large, well-defined region, we minimized the risk of selection bias associated with conduct in a single or non-randomly selected group of patients [31] . Furthermore, external generalization of our results should be facilitated by inclusion of all ages, and admissions to both trauma-specialized and general hospitals. It is a limitation of this study that we did not have information on pre-hospital deaths as after hours pre-hospital care may have been an important determinant of outcome. Although we systematically collected detailed demographic, severity of illness, and intensity of care data and had few missing data, it is a limitation that we did not evaluate further specific underlying co-morbid illness information to allow adjustment for a range of underlying chronic illnesses. Finally, it would have been valuable to have specific staffing measures such as daily nurse to patient ratios as well as exact times to attendance by the staff trauma surgeon and the actual times of completion of investigations and consults in order to better explain our observations.
Conclusion
We demonstrate that although the case-mix of patients varies significantly during times of day and week, this does not influence the outcome of major trauma patients admitted to our large regional acute care hospitals. While inconsistencies in care in the after hours may affect out-
